The selective cyclooxygenase-2 inhibitor, celecoxib, can be prescribed to type 2 diabetic patients receiving oral hypoglycemic agents. This study was conducted to assess whether celecoxib affect the hypoglycemic activity of oral hypoglycemic agents in streptozotocininduced diabetic rats by measuring blood glucose level followed by determination of glucose uptake of isolated rat epididymal fat pads. Also, the effect of anti-diabetic agents on the antiinflammatory activity of celecoxib was also assessed using carrageenan-induced hind paw edema model in diabetic rats.This study revealed that the effect of celecoxib on the hypoglycemic activity of glibenclamide was additive and can be explained by stimulation of tissue glucose uptake by celecoxib. On the other hand, the effect of celecoxib on the hypoglycemic activity of glimepiride was not simple additive but synergistic. This synergistic effect can be explained not only by stimulation of tissue glucose uptake by celecoxib but also via a pharmacokinetic interaction by increasing the serum glimepiride concentration.
INTRODUCTION
With the availability of many over-thecounter non-steroidal anti-inflammatory drugs (NSAIDs) and several newer, selective cyclooxygenase-2 inhibitors (Coxibs), there are many choices for controlling acute and chronic pain and inflammation. Because many patients may administered NSAIDs in the presence of concurrent diseases and along with other drugs, the potential for drug interactions and enhanced organ toxicity should always be considered 1 . Coxibs were developed as a new class of NSAIDs. They were approved for the relief of acute pain and symptoms of chronic inflammatory conditions such as osteoarthritis (OA) and rheumatoid arthritis (RA). They have similar pharmacological properties but a slightly improved gastrointestinal safety profile if compared to traditional NSAIDs (Shi and Klotz, 2008) . Celecoxib was the first of Coxibs class. It was approved in the United States in 1998 for relief of the signs and symptoms of OA and RA in adults 2 .
Since celecoxib is extensively metabolized by hepatic CYP2C9, plasma concentrations of the drug may be increased or decreased by CYP2C9 modifiers. Studies with celecoxib have identified a clinically significant drug interaction with the CYP2C9 inhibitor fluconazole (AUC increased by about 134%) but not ketoconazole 3 , phenytoin 4 and methotrexate 5 . It also inhibits CYP2D6 and may affect plasma concentrations of CYP2D6 substrates, including β-adrenoceptor antagonists 6 , antidepressants and antipsychotics 7 . It has long been known that high doses of salicylates lower plasma glucose concentrations 8 . In addition, some NSAIDs, for example, ibuprofen can incidentally induce hypoglycaemia in diabetic patients who receive sulphonylurea therapy 9 . Celecoxib (200 mg, daily) increased insulin sensitivity in healthy subjects 10 . These observations imply that Coxibs may affect the regulation of glucose homeostasis in normal and insulin resistant subjects.
However, the underlying mechanism(s) through which NSAIDs affect plasma level of glucose remain unclear.
In the present study, two diseases (type 2 diabetes mellitus and inflammatory disease) that may co-exist and require chronic treatment were considered and the occurrence of interaction between the concurrently used drugs was assessed. In this study, two sulphonylureas were selected, glibenclamide and glimepiride. They are different in their duration of action and metabolic pathway 11 . Sitagliptin was also included in this interaction study with celecoxib as it is a newer oral antidiabetic agent and few data about its interactions are available.
MATERIAL AND METHODS

Animals
Adult Sprague-Dawley rats weighing 150-200 g were purchased from "Egyptian Organization for Biological Products and Vaccines", Giza, Egypt. Animals were maintained under standard conditions of temperature about 25 ± 2°C with 12 hrs light/dark cycle and kept at constant environmental and nutritional conditions throughout the experimental period. The rats were allowed free access to standard laboratory food and water, ad libitum. All animals were acclimatized to the laboratory environment for 2 weeks and were fasted 12 hrs prior to experimentation. The animal experiments described below comply with the ethical principles and guidelines for the care and use of laboratory animals adopted by the "Ethical Research Committee" of Faculty of Pharmacy, Mansoura University.
Drugs and Chemicals
Celecoxib 
Experimental protocol Induction of diabetes
Mild to moderate diabetes induced by single intraperitoneal (IP) injection of STZ at a dose of 40 mg/kg (dissolved in citrate buffer, pH=4.5) after 12 hour fasting. STZ-injected animals were allowed to drink 10% glucose solution for 12-24 hrs after STZ injection to prevent initial STZ-induced hypoglycemic mortality. Ninety six hours after injection of STZ, hyperglycemia was confirmed by determination of fasting serum glucose level. One week after injection of STZ, rats with fasting serum glucose between 180-260 mg/dl were considered mild to moderate diabetic and used in further experiments.
After confirmation of diabetes using glucose oxidase kit purchased from Fortress Diagnostics Limited, Belfast, UK., diabetic rats were randomly divided into 8 groups of 6 rats each. Group (1): received the vehicle (2 ml/kg 0.5% CMC, orally). Group (2): received celecoxib (40 mg/kg, orally) 12 . Group (3): received glibenclamide(3 mg/kg, orally) 13 . Group (4): received glimepiride (2 mg/kg, orally) 14 .Group (5): Sitagliptin-treated group, rats received Sitagliptinin a dose of 3 mg/kg 15 . Group (6): received celecoxib (40 mg/kg, orally as a single dose) 1 hr after Glibenclamideadministration (3 mg/kg, orally). Group (7) : received celecoxib (40 mg/kg, orally as a single dose) 1 hr after Glimepiride administration (2 mg/kg, orally). Group (8): celecoxib + sitagliptin-treated group, rats received celecoxib (40 mg/kg) and sitagliptin(3 mg/kg).This dose regimen and time of blood sampling were selected as the optimum and proper conditions for this study after previous performed trial experiments (data not included). The main finding of these experiments is that maximum interaction between the tested drugs could be observed when celecoxib was given 1 hr after antidiabetic administration in these selected doses. Two hours after administration of antidiabetic agents, rats were injected subcutaneously with 0.05 ml of 1% carrageenan into the plantar tissue of the right hind paw. The left hind paw of each rat received a subplantar injection of equal volume of normal saline 16 . Blood samples were collected 2, 3, 4, 5 and 6 hrs following the administration of each antidiabetic drug for determination of serum glucose according to the method described by Trinder 17 . Twenty four hours after carrageenan injection; rats were killed then the right and the left hind paws of each animal were cut and weighed for calculation of percentage inhibition in paw edema according to the method previous 16 .
Effect of celecoxib on glucose uptake using isolated rat epididymal fat pads
Epididymal fat pads from fasted nondiabetic or diabetic male rats weighing about 200 g were used. The rats were anaesthetized with ether and the epididymal fat pads were isolated according to the method described by Rodbell 18 and incubated with Kerb's Ringer phosphate buffered solution containing glucose (2%) and bovine albumin (3%) 19 . Kerb's Ringer phosphate buffered solution was freshly prepared and aerated with 95% O2 containing 5% CO2 for 5 minutes and the pH of the medium was adjusted at 7.4 by 1 N sodium hydroxide solution. Celecoxib was prepared as 0.05% solution in 95% ethanol. This solution was diluted by Kerb's Ringer phosphate buffer to obtain a concentration of 1.8 µM. The pieces of adipose tissue isolated from non-diabetic or diabetic rats were divided into 8 groups (each composed of 6 tubes) and incubated with control solution (2 ml ethanol% in the incubation medium), celecoxib (1.8 µM), insulin (10 -7 M) 20 or celecoxib (1.8 µM) +insulin (10 -7 M) combination. The isolated tissue was placed in specific screw-capped tubes which were incubated in metabolic shaker at 37°C for 1 hr with a shaking rate of 100 rpm. Then the pads were taken out and aliquots were taken from the medium and used for the assay of glucose concentration in the medium to determine the amount of glucose utilized by the used adipose tissue.
Effect of celecoxib on the pharmacokinetics of glimepiride
Serum glimepiride level was determined using HPLC technique according to the method described by Rabbaa-Khabbaz et al. 21 . Freshly prepared suspensions of glimepiride and celecoxib were administered as single oral dose to 2 groups of male overnight-fasted STZinduced diabetic rats (n = 30). Group I received glimepiride (2 mg/kg, orally), group II received celecoxib (40 mg/kg, orally) 1 hr after glimepiride administration (2 mg/kg, orally). Then each group was subdivided into 6 subgroups (each composed of 6 rats) where each subgroup was used for blood sampling once at only 1 time interval. Blood samples (5 ml each) from each subgroup were collected from retro-orbital plexus, at 0 min (pre-dose), 1, 2, 3, 4 and 5 hrspostoralglimepiride dosing. Blood samples were centrifuged at 1000gfor 15 min to obtain the serum. Separation was performed with a ShimadzuTM LC-20A Series Chromatograph equipped with a Rheodyne injector valve with a 20 µl loop -10 -and a SPD-20A UV detector operated at 228 nm. LC workstation (Nishinokyo-Kuwabaracho, Nakagyoku, Kyoto 604-8511, Japan) for data collection and processing.Separation was achieved on a Shim-pack VP-ODS column (5 µm) (150 X 4.6 mm) combined with a guard column (Nishinokyo-Kuwabaracho, Nakagyoku, Kyoto 604-8511, Japan). The mobile phase consisted of 40% water acidified with glacial acetic acid (0.1 mM, pH=2.6) and 60% acetonitrile. The flow rate was 0.7 mL/min. Glibenclamidewas used as internal standard and prepared by dissolving 15 mg in 25 ml methanol. Then this solution was further diluted 1/10 with methanol. The retention times for glimepiride and glibenclamidewere 7 & 6 min, respectively. An internal standard solution of 50 mL was added to 1.5 mL serum and mixed for 10 seconds on vortex. HCl 1N (40 µL) was immediately added while gently vortexing the tubes. To each tube, dichloromethane (7 ml) was added and the tubes were vortexed for 10 sec. The sample was finally shaken on a rotating shaker (30 rotation/ minute) for 30 min. After centrifugation for 20 min at 1000 g and 4 ο C, 6 ml of the clear dichloromethane layer was transferred to a glass tube and evaporated under nitrogen. The dried residue was taken up with 0.5 mL of mobile phase and 20 µL of this mixture were injected.Data were generated by linear regression of the terminal phase of serum concentration-time curve for log concentration against time. Pharma-cokinetic parameters of glimepiride either alone or in combination with celecoxib were characterized by peak concentration in serum (C max ), concentration peak time (t max ), area under the concentrationtime curve -11 -(AUC), elimination rate constant (Ke), clearance (CL), and volume of distribution (V d ).
Statistical analysis
Data are expressed as mean ± S.E.M. Comparison between two different groups was carried out using Student's t test. Comparison between more than two different groups was carried out using one way ANOVA followed by Tukey-Kramer multiple comparisons test. Paired Student's t-test was used as a test of significance for comparison between two arithmetic means of the same group before and after treatment.Statistical tests were carried out using GraphPad Instat computer program V 3.10 (GraphPad Software Inc, San Diego, CA, USA). Significance was set at p< 0.05.
RESULTS AND DISCUSSION
Results
Effect on serum glucose level
Oral administration of 0.5% CMC showed significant increase in serum glucose level of diabetic rats after 2, 3, 4, 5 and 6 hrs of administration when compared to their corresponding mean initial value.Treatment of diabetic rats with celecoxib showed significant decrease in serum glucose level (12.4%) 1 hr after celecoxib treatment when compared to the corresponding mean initial value and significantly decreased serum glucose level after 1, 2 & 3 hrs when compared to the corresponding mean values of the control group. Diabetic rats treated with glibenclamide demonstrated significant decrease in serum glucose level after 2, 3, 4, 5 and 6 hrs of treatment when compared to both their corresponding mean initial value and the corresponding mean values of the control group ( Fig. 1A ). Glimepiride treatment showed significant decrease in serum glucose level in diabetic rats after 2, 3 and 4 hrs of treatment when compared to their corresponding mean initial value and it significantly decreased serum glucose level after 2, 3, 4, 5 and 6 hrs when compared to the corresponding mean values of the control group ( Fig. 1B) . Treatment of diabetic rats with sitagliptin significantly decreased serum glucose level after 2, 3, 4, 5 and 6 hrs of treatment when compared to both their corresponding mean initial value and the corresponding mean values of the control group (Fig. 1C ). (Glib) and their combination on serum glucose level in STZ-induced diabetic rats. Glib (3 mg/kg, orally) was given at time zero, Cele(40 mg/kg, orally) was given after 1 hr. Measurements of serum glucose level were done before and 2, 3, 4, 5 & 6 hrs after treatment with antidiabetic drug. Values represent the mean ± SEM of 6 animals. *Significantly different from its initial value using paired student's t-test at (p< 0.05). 0, € Significantly different from the corresponding mean values of the control group or the Glib-treated group, respectively, using one way ANOVAfollowed by Tukey-Kramer multiple comparisons test (p< 0.05). Values represent the mean ± SEM of 6 animals. * Significantly different from its initial value using paired student's t-test at (p< 0.05). 0, ¥ Significantly different from the corresponding mean values of the control group or the Sita-treated group, respectively, using one way ANOVA followed by Tukey-Kramer multiple comparisons test (p< 0.05).
In celecoxib + glibenclimide combination group, serum glucose level significantly decreased after 2, 3, 4, 5 and 6 hrs when compared to both the corresponding initial value and the corresponding mean values of the control group. This combination showed a significant decrease in serum glucose level after 2 and 3 hrs of treatment when compared to the corresponding mean values of glibenclamide-treated group. In diabetic group treated with celecoxib + glimepiride combination, serum glucose level significantly decreased after 2, 3, 4, 5 and 6 hrs of treatment when compared to the corresponding initial value, the corresponding mean values of the control group and the corresponding mean values of glimepiride -treated group. Diabetic rats treated with celecoxib + sitagliptin combination showed significant decrease in serum glucose level after 2, 3, 4, 5 & 6 hrs of treatment when compared to both the corresponding mean initial value and the corresponding mean values of the control group. This combination demonstrated a significant decrease in serum glucose level after 3 & 4 hrs when compared to the corresponding mean values of sitagliptin treated group.
Effect on carrageenan-induced hind paw edema
Intraplantar injection of carrageenan in diabetic rats showed an inflammatory response that was characterized by an increase in right hind paw weight (indicative of paw edema) when compared to the weight of contralateral (saline-injected) hind paw.Pretreatment of carrageenan-injected diabetic rats with celecoxib significantly reduced the carrageenan-induced paw edema when compared to the mean value of the control group.Carrageenan-injected diabetic rats pretreated with glibenclamide, glimepiride or sitagliptin showed non-significant change in carrageenan-induced paw edema when compared to the mean value of the control group.Pretreatment of carrageenan-injected diabetic rats with combination of celecoxib + glibenclamide showed significant reduction in carrageenan-induced paw edema when compared to the mean value of the control group. However, there was no significant change in paw edema when compared to the mean value of celecoxib-treated group. Pretreatment of carrageenan-injected diabetic rats with celecoxib + glimepirideor celecoxib+ sitagliptin combinations showed significant reduction in paw edema when compared to the mean value of the control group with nonsignificant change in paw edema when compared to the mean value of celecoxibtreated group (Fig. 2) . 
Effect on glucose uptake using isolated nondiabetic and diabetic rat epididymal fat pads
The amounts of glucose utilized by isolated non-diabetic and diabetic rat epididymal fat pads incubated with control solution were 1.11 and 0.24 mg glucose/g wet tissue/hr, respectively. Addition of insulin (0.1 µM) to the incubation media showed significant increase in the amount of glucose utilized by both isolated non-diabetic and diabetic rat epididymal fat pads when compared to the mean values of the corresponding control non-diabetic and diabetic groups, respectively. Incubation of epididymal fat pads with celecoxib (1.8 µM) showed significant increase in the amounts of glucose uptake by both isolated non-diabetic and diabetic epididymal fat pads when compared to the mean values of the corresponding control non-diabetic and diabetic groups, respectively. Incubation of isolated non amount of glucose uptake when compared to the mean value of the corresponding insulin-treated group.The amount of glucose utilized by diabetic rat fat pads significantly increased when compared to the mean value of the corresponding insulin-treated group. Incubation of both isolated non-diabetic and diabetic rat epididymal fat pads with incubation medium containing celecoxib (2.6 µM) demonstrated significant increase in the amount of glucose uptake when compared to the mean values of the corresponding control and insulin-treated groups. Isolated non-diabetic and diabetic rat epididymal fat pads incubated with insulin (0.1 µM) + celecoxib (1.8 or 2.6 µM) demonstrated significant increase in glucose utilization in both non-diabetic and diabetic rats when compared to the mean values of their corresponding control, insulin-treated and celecoxib treated groups. Values represent the mean ± SEM of 6 isolated non-diabetic or diabetic rat epididymal fat pads. $µ significantly different from the mean values of the non-diabetic and diabetic control groups, respectively, using unpaired student´s t-test at (p< 0.05). @, ¥ significantly different from the mean values of the non-diabetic and diabetic Ins-treated groups, respectively, using unpaired student´s t-test at (p< 0.05).
*, £ Significantly different from the mean values of the non-diabetic and diabetic corresponding Celecoxobtreated groups, respectively, using unpaired student´s t-test at (p< 0.05).
Effect on the pharmacokinetics of glimepiride
The mean values of serum concentration (ng/ml) for glimepiride alone after 1, 2, 3, 4 & 5 hrs were found to be 710, 1330, 1145, 800 & 597 ng/ml, respectively. In case of glimepiride with celexocib co-administration, serum glimepiride concentrations were found to be 705, 1461, 1584, 1150 & 839 ng/ml after 1, 2, 3, 4 & 5 hrs, respectively. Treatment with celecoxib moderately increased serum glimepiride concentrations. Co-administration of celecoxib with glimepiride showed 10, 38, 44 & 40% increase in glimepiride concentrations after 2, 3, 4 & 5 hrs, respectively. This combination showed significant increase in the mean values of serum glimepiride concentration after 2, 3, 4 &5 hrs. of treatment when compared to the corresponding mean values of glimepiride treated group. The mean value of the time to reach peak serum concentration(t max ) for glimepiride alone was found to be 2 hrs and when glimepiride was co-administered with celexocib, the mean value of t max was found to be 3 hrs. The mean value of peak serum glimepiride concentration (C max ) for glimepiride alone was found to be 1330 ng/ml; co-administration of glimepiride with celecoxib resulted in a C max of 1584 ng/ml which was almost a 19% increase when compared to the corresponding mean value of glimepiridetreated group. The mean value of area under the serum concentration-time curve (AUC) for glimepiride alone was found to be 4303 ng ml -1 hr, when glimepiride was co-administered with celexocib, AUC was found to be 5361 ng ml -1 hr, which was significantly different and showed about 1.2 fold increase when compared to glimepiride-treated group. The mean value of apparent oral glimepiride clearance (CL/F) and apparent volume of distribution (V d /F) for glimepiride alone were found to be 465 ml hr -1 kg -1 and 1349 ml kg -1 , respectively. When glimepiride was co-administered with celexocib, the CL/F and V d /F were 373 ml hr -1 kg -1 and 1577 ml kg -1 , respectively, which were significantly different when compared to glimepiride-treated group. The mean value of elimination rate constant(K e ) for glimepiridealone was found to be 0.35 hr −1 , glimepiride when co-administered with celecoxib showed a K e of 0.24 hr -1 which was significantly different when compared to the corresponding mean value of glimepiridetreated group. The mean value of elimination half-life time (t 1/2 ) for glimepiride alone was found to be 2.18 hrs, co-administration of glimepiride with celecoxib resulted in a t 1/2 of 2.7 hrs which was significantly different when compared to the corresponding mean value of glimepiride-treated group. 
Discussion
The oral administration of the vehicle (0.5% CMC) containing no hypoglycaemic agent to diabetic rats provoked a significant rise in serum glucose concentration after 2, 3, 4, 5 & 6 hrs. CMC-induced increase in serum glucose concentration observed in this study coincides with the previous report of Ladriere et al. 22 .These results may be explained on the basis of CMC is polysaccharide and is digested in-vivo to give glucose or the release of inflammatory mediators following carrageenan injection increase blood glucose level 23 .
Treatment of diabetic rats with celecoxib significantly decreased the serum glucose level after 2, 3 & 4 hrs compared to the control group. Administration of glibenclamide produced maximum antidaiabetic activity after 4 hrs of administration while glimepiride and sitagliptin produced maximum decrease in serum glucose level at 3 hrs. after its administration.
Co-administration of glibenclamide and celecoxibto diabetic rats increased the hypoglycaemic activity and accelerated the hypoglycaemic activity peak of glibenclamide which occurred at 3 hrs. Treatment of diabetic rats with celecoxib1hr. after administration of sitagliptin resulted in significant decrease in serum glucose after 3 & 4 hrs. of sitagliptin administration when compared to sitagliptin-treated group. Administration of glimepirideto diabetic rats followed by celecoxib after 1 hr produced significant increase in glucose lowering activity of glimepiride which was persisted for 6 hrs after glimepiride administration when compared to glimepiride treated group. Treatment of STZ-induced diabetic rats with single oral dose of celecoxib produced significant decrease in fasting serum glucose level (by about 12%). Significant hypoglycemic activity of celecoxib was maintained for 3 hrs with peak activity at 1 hr after its administration to diabetic rats. This result is in agreement with Gonzalez-Ortiz et al. 10 ; Giugliano et al. 24 .
Previous studies have shown that COX derivatives, mainly prostaglandin E 2 (PGE 2 ), reduce the insulin response to glucose and NSAIDs enhance the insulin response to various stimuli 25 . PGE 2 also decreases the expression of glucose transport protein-4 (GLUT4) and decreases the tissue glucose uptake and insulin sensitivity as well as the inhibition of COX-2 and subsequent prevention of prostaglandin formation by NSAIDs improves tissue insulin sensitivity 26 .
Accordingly, it was hypothesized that, the hypoglycemic activity of celecoxib may be attributed to either stimulation of insulin release or increasing peripheral insulin sensitivity. However, Hsieh et al. 27 proved that celecoxib reversed fructose-induced increase in insulin level and improved the whole body insulin resistance.
In the present study, administration of glibenclamide (3mg/kg, orally) to diabetic rats resulted in significant decrease in the serum glucose level when compared to control diabetic rats with maximum decrease (31%) at 4 hrs after its administration. These results were supported by Taj Eldin et al. 28 .
The oral administration of glimepiride (2 mg/kg) to diabetic rats significantly decreased serum glucose level when compared to control diabetic rats. Maximal antidiabetic activity was obtained 3 hrs after administration of glimepiride. These results were in agreement with Niemi et al. 29 .
The combined hypoglycemic activities of celecoxib+ glibenclamide or sitagliptin were found to be approximately equal to the summation of the hypoglycemic activity of each drug alone (i.e. additive). Based on these results, the observed interaction between celecoxib and glibenclamide or sitagliptin may be mainly due to pharmacodynamics interaction which can be attributed to the glucose lowering activity of celecoxib mediated by increasing the peripheral insulin sensitivity.
In celecoxib+ glimepiride combination, the combined hypoglycemic effect was observed to be significantly higher than the summation of the hypoglycemic activity of each drug alone (i.e. synergistic effect) and there was an increase in the hypoglycemic activity duration. This synergistic combined effect could be explained not only by pharmacodynamics interaction, which can be attributed to the hypoglycemic activity of celecoxib, but also may include a pharmacokinetic interaction between celecoxib and glimepiride. This has led to conduct a pharmacokinetic study to explore the effect of celecoxib on the pharmacokinetics of glimepiride
Consequently, the effect of celecoxib on glucose uptake by isolated non-diabetic & diabetic rate pididymal fat pads was studied to investigate its effect on peripheral insulin sensitivity. Peripheral insulin resistance is a key factor in the pathogenesis of T2DM and involves defects in the glucose transport system in both skeletal muscle and adipose tissue. Adipose tissue has a central role in lipid and glucose metabolism and produces a large number of hormones and cytokine 30 . Glucose uptake by isolated rat epididymal fat pads represents a simple and sensitive in-vitro assay where 30-50% of glucose uptake takes place in adipocytes 31 .
In the present study, in-vitro incubation of isolated epididymal fat pads revealed significant reduction of glucose uptake by incubated fat pads isolated from diabetic rats in comparison with fat pads isolated from nondiabetic rats. These results were confirmed and explained by the study of Camps et al. 32 who stated that mature fat pads express at least two glucose transporter isoforms, GLUT1 and GLUT4 and the latter was decreased in STZinduced diabetic rats which lead to decrease in media glucose uptake by epididymal fat pads isolated from diabetic rats.
When insulin (0.1 µM) was added to the incubated fat pads obtained from non-diabetic or diabetic rats, it significantly stimulated the glucose uptake by 2-or 2.5-fold, respectively, in comparison with their corresponding groups of non-treated fat pads. This was probably due to the significantly increased GLUT4 recruitment in insulin-treated epididymal fat pads obtained from either non-diabetic or diabetic rats in comparison to non-treated corresponding groups where insulin binds to specific insulin receptor (IR) on the surface of target cells leading to autophosphorylation of intracellular β-subunit of the IR which in turn result in activation of tyrosine kinase. Activated tyrosine kinase catalyses phosphorylation of insulin receptor substrate protein (IRS-1) which interact with phosphatidyl inositol 3-kinase causing its activation and subsequent recruitment of GLUT4 33 .
Addition of celecoxib(1.8 or 2.6 µM) to isolated non-diabetic or diabetic rat epididymal fat pads significantly increased glucose uptake by these tissues when compared to their corresponding non-treated groups. There were significant differences between the effects of either insulin or celecoxib addition on glucose uptake by incubated fat pads isolated from either non-diabetic or diabetic rats. These significant changes induced by either of them were more significantly increased when insulin was added together with celecoxib to the incubated non-diabetic or diabetic rat fat pads as compared to their corresponding groups.
Consequently from this study, it can be deduced that celecoxib was a stimulant of glucose uptake by isolated epididymal fat pads and insulin was not required for celecoxibdependent stimulation of glucose uptake. Also, celecoxib potentiated the insulin-dependent stimulation of glucose uptake and these effects of celecoxibwere more pronounced in diabetic rats than in non-diabetic rats.
Hsieh et al. 27 , showed that celecoxib significantly enhanced insulin-stimulated whole body glucose utilization in normal dietfed or fructose-fed rats, suggesting that celecoxib could also increase insulin sensitivity in normal and insulin resistant rats. Also, the anti-oxidative effects of celecoxib could significantly contribute to its beneficial actions on whole body and muscular insulin resistance because celecoxib reduced a fructose-induced increase in oxidative stress and also suppressed time-dependent increase in oxidative stress in control rats. Some COX-2 inhibitors augment the rate of in-vitro glucose transport indicated by increasing in the GLUT4 mRNA and protein expression in total cell content and the amount of GLUT4 protein in the plasma membrane of L6 myotubes (a rat skeletal myoblast cell line) in an insulin-and AMPactivated protein kinase α-independent manner 34 .
The pharmacokinetic study was done to evaluate the effect of celecoxib on the pharmacokinetics of glimepiride. The study of pharmacokinetics of celecoxib was not performed due to absence of significant alteration in the anti-inflammatory activity of celecoxib occurred when celecoxib was administrated with glimepiride. The serum concentrations of glimepiride moderately increased by treatment with celecoxib1 hr after glimepiride administration, and there was significant difference in the peak serum concentration (C max ) of glimepiride when it was co-administered with celecoxib. The C max in the serum concentration-time curve of glimepiride+ celecoxib occurred at about 3 hrs, whereas it was seen at 2 hrs post glimepiride administration, indicating that celecoxib may not have affected the rate or the extent of absorption of oral glimepiride considering the significant difference between both the area under the serum concentration-time curve (AUC) and C max of glimepiride alone and glimepiride + celecoxib-treated group.
Administration of two medications at or around the same time can result in clinically significant drug interactions. Pharmacokinetic drug interactions affect the processes of absorption, distribution, metabolism, and excretion of a drug. The drug-drug interaction at the absorption phase cause difference in time (t max ) required to reach the same C max 35 .
Celecoxib did not accelerate the rate of absorption of glimepiride as seen from delayed t max in this study when co-administrated with celecoxib.
Thus the pharmacokinetics interaction between glimepiride and celecoxib may not include the absorption phase.
The elimination rate constant (k e ) of a drug indicates the proportion of the drug that is removed from the body and half-life (t 1/2 ) is a reciprocal function of k e . In the present study, administration of celecoxib with glimepiride decreased the k e of the glimepiride especially in linear kinetic and caused an increase in the t 1/2 of glimepiride. The mean CL/F (apparent oral clearance) of glimepiride was decreased while the mean V d /F (apparent volume of distribution) was increased by celecoxib.
Distribution of medications depends on total body water, extracellular fluid, percentage of adipose tissue, and capacity to bind to plasma proteins. Albumin and α-1 glycoprotein are the primary circulating plasma proteins to which drugs bind. Some drug-drug interactions occur because of competition for the binding sites on these proteins. One drug knocks the other off the binding site or, alternatively, occupies the site, not allowing the other drug to bind and decreasing its own free fraction.
While the unbound fraction of the other drug is increased and consequently it's pharmacological effect is enhanced 35 .
For an interaction to become clinically significant, the involved drugs must be highly (>95%) protein bound or have a very narrow therapeutic index. Celecoxib and glimepiride are highly protein bound (97.4, 99%, respectively) to albumin 36&37 . In this study, the antidiabetic activity of glimepiride was increased by co-administration with celecoxib. On the other hand, the anti-inflammatory activity of celecoxib was not altered when coadministrated with glimepiride indicating that celecoxib did not displace glimepiride from plasma protein.
The liver is the main site of metabolism of glimepiride and the whole drug is cleared from the systemic circulation by the liver. Celecoxibis extensively metabolized, primarily by the CYP2C9 (80%); while CYP3A4 has a minor role 38 . In this study, the mechanism underlying the interaction between celecoxib and glimepirideis probably competitive inhibition of the CYP2C9-mediated biotransformation of glimepiride by celecoxib. Since celecoxib decreased the clearance of the glimepiride, it may be said that celecoxib altered the metabolism of the glimepiride by the liver. Because celecoxib moderately increased the t 1/2 andC max of glimepiride, it seems that celecoxib inhibited glimepiride metabolism mainly during the elimination phase and thereby decreased its systemic clearance. The observation that the increase in serum glimepiride concentrations resulted in relatively moderate magnitude of the pharmacokinetic interaction may explain the synergistic increase in the glucose response. Studies of inhibition of glimepiride metabolism with other CYP2C9 substrates were in agreement with the present results 39 .
It can be concluded from this study that celecoxib changed the plasma concentration of glimepiride by competitive inhibition of CYP2C9. Celecoxib expected to not affect CYP3A4 activity because of the absence of pharmacokinetic interaction that one can predict from the additive blood glucose lowering response in case of co-administration of celecoxib and glibenclamide or sitagliptin.
The effect of the three antidiabetic drugs on anti-inflammatory activity of celecoxib was studied using carrageenan-induced hind paw edema model in diabetic rats. Intra-plantar injection of carrageenan in diabetic rats showed an inflammatory response that was characterized by an increase in right hind paw weight (indicative of paw edema) when compared with the weight of contralateral (saline-injected) hind paw. These results are in agreement with those obtained by 2 . In this study, celecoxib(40 mg/kg, orally) administration to diabetic rats 1hr before carrageenan injection resulted in significant decrease in the paw edema by 44.2% after 4 hrs of carrageenan injection when compared to control group.
Oral administration of glibenclamide(3 mg/kg), glimepiride(2 mg/kg) or sitagliptin(3 mg/kg) to diabetic rats 2 hrs before carrageenan injection did not significantly change the paw edema when compared to control group after 4 hrs of carrageenan injection. Oral administration of glibenclamide(3 mg/kg), glimepiride(2 mg/kg) or sitagliptin(3 mg/kg) to diabetic rats 1hr before administration of celecoxib(40 mg/kg) did not produce any improvement in the paw edema after 4 hrs of carrageenan injection when compared to celecoxib-treated group. The present results showed that glibenclamide, glimepiride and sitagliptin did not possess any antiinflammatory activity in this model. Meanwhile, the three antidiabetic drugs did not-affect neither the pharmacokinetics nor the pharmacodynamics of celecoxib. Glim (2 mg/kg, orally) was given at time zero, Cele(40 mg/kg, orally) was given after 1 hr. Measurement of serum Glimepiridelevels were done before and 1, 2, 3, 4 & 5 hrs after treatment with Glim.
Values represent the mean ± SEM of 5 rats. $ Significantly different from the corresponding mean value of the Glim-treated group using one way ANOVA followed by Tukey-Kramer multiple comparisons test (p< 0.05).
Conclusion
Celecoxib potentiated the hypoglycaemic activity of glibenclamide, glimepiride and sitagliptin and the potentiation effect was more pronounced when celecoxib was administrated with glimepiride than with glibenclamide or sitagliptin. Dose adjustment of glibenclamide, glimepiride and sitagliptin must be required when they are co-administrated with celecoxib to avoid the occurrence of sever hypoglycaemia. Glibenclamide, glimepiride and sitagliptin did not have anti-inflammatory activity and did not affect the antiinflammatory activity of celecoxib. Clinical studies should be conducted to evaluate the potentiating effect of celecoxib on the hypoglycaemic activity of glibenclamide, glimepiride and sitagliptin in diabetic patients.
